Background: While existing reviews have identified significant predictors of nursing home admission, this meta-analysis attempted to provide more integrated empirical findings to identify predictors. The present study aimed to generate pooled empirical associations for sociodemographic, functional, cognitive, service use, and informal support indicators that predict nursing home admission among older adults in the U.S.
Background
The cost of nursing home (NH) care for persons 65 years of age and over is estimated to be roughly 150 billion dollars by 2007 in the United States (U.S.). About 62% of this cost in the U.S. is assumed by public, taxpayer-financed sources such as Medicaid and Medicare [1] . Not only is admission to NHs expensive, it is associated with a number of other problematic outcomes such as questionable quality of care, early mortality for many residents, and psychological or emotional upheaval for caregiving families [2] [3] [4] . The constellation of potentially negative outcomes associated with NH admission for older adults has encouraged a search for ways to divert or delay individuals from entering long-term care facilities. Over the past 25 years, many observational studies have attempted to identify predictors of NH entry with the goal of improving preadmission assessment of older adults.
Several comprehensive literature reviews have summarized studies predicting NH admission among older adults [5] [6] [7] [8] [9] . These reviews address "long-term" predictors of NH admission, or those factors that influence NH entry 1 year or more in the future. Variables found to consistently predict NH admission include sociodemographic and background factors such as increased age, Caucasian ethnicity/race, living alone, and female gender. Other variables reflect the functional independence of older adults, such as greater activity of daily living (ADL) dependence or cognitive impairment. Additional predictors of NH admission move beyond the older adult to capture the care received (e.g., unavailable family caregiver; community-based service use) or community contexts (lower NH bed supply).
While there is some consensus regarding the identification of singular factors that predict NH admission for older adults 1 year or more into the future, there are several limitations in existing research. One is the reliance on samples that are not representative of the older U.S. population. This weakness is apparent not only in individual studies, but also systematic reviews of predictors of NH entry as attempts to integrate existing findings often include non-representative data sources along with representative ones [5] [6] [7] . This may influence the generalizability of the conclusions, which often seek to provide a synthesis of those factors that predict NH entry for older adults in the U.S. Existing reviews also fail to account for multiple studies using the same databases. Many studies are often conducted on a handful of data sources such as the Longitudinal Study on Aging (LSOA) [10] [11] [12] or the National Long-Term Care Survey (NLTCS) [13] [14] [15] . Such a procedure may skew the combined estimates, as those data sources with greater individual study representation would have an inordinate influence on conclusions of prediction.
Most studies of NH admission focus on the factors that antedate entry by several years and serve as early warning signs of those at greatest risk for entry. This study systematically reviews the long-term predictors of NH admission (i.e., predictors of NH entry 1 year or more in the future) for U.S. older adults in the community. Deriving estimates of prediction based on generalizable data sources may inform the development of useful prognostic tools to help identify who is at-risk for NH entry at some time point in the future. For example, the generation of pooled empirical associations via a meta-analysis of this type could serve as empirical weights in the development of predictive algorithms of NH admission for communityresiding older adults [16] .
The findings of this meta-analysis can confirm significant predictors of NH admission identified in prior, well-executed systematic reviews [5] [6] [7] . However, using a metaanalysis offers several advantages to these excellent reviews by permitting the generation of empirical estimates of effect strength for each predictor of NH admission. This meta-analysis builds on the findings of past reviews, which summarize the direction of associations or make qualitative interpretations of the strength of associations between predictor variables and NH entry. Moreover, as alluded to above, synthesizing the empirical associations of various predictors across nationally-and regionally-representative data sources via a meta-analysis (as opposed to combining representative data sources with non-representative ones) provides greater external validity for pooled results and yields more generalizable information on those factors that predict NH admission. For these reasons, the objective of this meta-analysis was to extend the work of prior reviews to offer more definitive findings on those variables that emerge as significant predictors of NH admission for community-residing older adults.
intervention. Following the database search, the principal author engaged in an intensive cross-referencing procedure of each selected report as well as prior literature reviews; 13 iterations were completed until no unique references were identified. In instances where a report could not be retrieved, the principal author sent two email queries to corresponding authors.
Data extraction
A standardized extraction protocol was used. Inclusion criteria were as follows: 1) NH entry was an outcome in the analysis; 2) the study was conducted within the U.S. due to the diverging care philosophies, regulatory environment, and service delivery approaches of NH care in other countries; 3) the study design was longitudinal in order to allow for a predictive analysis of NH admission; 4) the sample was general, as opposed to disease-specific (e.g., dementia); 5) the sample resided in a community setting, such as at home alone or with relatives, as opposed to a healthcare setting (e.g., hospital discharge studies); and 6) the sample was regionally-or nationallyrepresentative of the U.S. population of older adults in order to maximize the generalizability of the pooled estimates. The screening protocol also extracted date of publication, source of publication, author, sample size, percentage of older adults (65 years of age and over) and women in each sample, and type of data collected (e.g., survey, clinical rating, medical charts/records, etc.). For eligible studies the principal author extracted data for each reported predictor of NH admission, including regression coefficients, standard errors, odds/hazard ratios, and lower/upper confidence intervals. Data on study design included analysis type, length of follow-up, classification of long-or short-stay NH admissions, and analytic unit of predictors (e.g., individual-level, community-level, state-level, etc.).
Statistical analysis
Results were integrated with random effects models, as these models consider both within-and between-study variation when deriving pooled empirical associations [17] . Heterogeneity was assessed by Cochran's Q-statistic, with a value of P < .05 indicating that study results were heterogeneous [19] . Sets of studies that are classified as heterogeneous may not assess the same empirical relationships between an independent variable of interest (i.e., exposure) and the outcome of interest; thus, differences in study results may be a result of factors other than random variation. Meta-regression models were considered to investigate heterogeneity of empirical associations (e.g., age of study, size of study), but the number of data sources for each predictor variable precluded such analyses.
A detailed variable cross-walk identified individual predictors of NH admission and their operational meaning across individual studies. This allowed for a much clearer interpretation of results in the meta-analysis, as pooled estimates for each predictor were based on variables that were closely operationalized or measured across studies as opposed to variables that were grouped in more general categories (e.g., "functional status"). Almost all the studies included only reported adjusted estimates; therefore, these estimates were used for pooling purposes. Results from logistic regression models (odds ratios) and Cox regression/survival models (hazard ratios) were analyzed separately, as these two approaches address related but different questions. Logistic regression models explore whether NH admission occurred or not, whereas Cox regression models examine the time to NH admission. Meta-analysis procedures were conducted separately for each analysis type to further clarify the meaning of pooled empirical associations [20] .
In a few instances, multiple studies from the same data source provided empirical information on a predictor of interest. When this occurred, the principal author compared the competing studies to identify the presence of seven important study characteristics: 1) more comprehensive adjustment used in the analysis (i.e., number of predictors of NH admission included); 2) greater sample size; 3) longer follow-up; 4) use of clinical rating of functional or cognitive data; 5) use of objective data on NH admission (e.g., death certificate); 6) categorization of admission included (i.e., long-stay vs. short-stay); and 7) use of multiple levels of predictors (individual-level; community-level). The study that included a greater number of these criteria was selected for the meta-analysis.
Results

Identification of studies
Of 4,597 abstracts initially screened, 3,861 were excluded because these studies did not consider predictors of NH admission, were evaluations of pharmacological or nonpharmacological interventions, or took place in settings other than the community (e.g., hospital; see Figure 1 ). Of the 736 reports retrieved for initial screening procedures, 22 were not available following two email contacts with the authors or use of interlibrary loan services. A further 615 reports were excluded from the meta-analysis based on failing the inclusion criteria specified above, leaving 99 studies. One study [21] presented results within three different data sources, and each of these analyses were treated as a separate "study" resulting in the identification of 101 studies reporting from 25 various data sources.
Of these 25 original data sources, 12 were found to have studies that yielded data appropriate for the current metaanalysis. The remaining data sources were not included for a range of reasons, such as incomplete data, race/gender specific analyses, the data source was not representative of a region or the entire U.S. elderly population, or the outcome analyzed was not comparable to those of the logistic regression and Cox regression models and could not be pooled (e.g., multinomial logistic regression or probit models). A final total of 77 reports were considered across these 12 data sources.
Data source characteristics
Pooled together at their capacity, the 12 data sources represent 178,056 older adults (65 years of age and over; see Table 1 ). Five of the data sources included nationally representative sampling frames, whereas the other 7 were random samples from specific geographic locations of the U.S. Two data sources included older adults with some level of functional disability: the National Long-Term Care Survey [13] [14] [15] [22] [23] [24] [25] and the Massachusetts Elder Health Care Project [26] . Two data sources limited their national samples to non-institutionalized adults 70 years of age and over: the Longitudinal Study of the Aged [10] [11] [12] 27] and the Study of Assets and Health Dynamics of the Oldest Old [28] [29] [30] . The sample sizes available in each data source varied widely from 586 (Massachusetts Elder Health Care Project) [26] to 137,632 (Medicare Health Outcomes Study) [31] . Data collection was largely via interviews, either directly with the elderly respondent or a proxy. Length of follow-up/exposure also varied from 1 to 10 years [32, 33] . Although specific measures of each dimension varied, most data sources included comparable types of predictor variables such as sociodemographic characteristics, functional dependency, cognitive impairment, and to a lesser extent formal service utilization and informal/family support. Table 2 presents the results of the random effects models for studies of NH entry that relied on logistic regression analyses. Several sociodemographic variables emerged as significant predictors of NH admission across the various data sources. Greater age, an annual income of less than $5,000 or a missing report of income (when compared to a reference of $5,000-$10,000 annual income; in 1982 dollars), and Caucasian race/ethnicity (when compared to all other racial/ethnic types) were significantly associated with greater odds of subsequent NH entry. As presented in Figure 2 , the strength of these relationships varied, with the missing income and Caucasian variables appearing to exert the strongest influence on NH admission when compared to the other sociodemographic indicators.
Predictors of nursing home admission
Several variables representing potential sources of support (formal or informal) also appeared to increase the risk of NH admission. Older adults who were married or had more living children had lower odds to enter NHs, whereas older adults who lived alone had nearly twice the odds to be admitted. Older adults with an available caregiver had greater odds to enter a NH, which is in contrast to some conclusions of the importance of informal care [5] [6] [7] . Those who had been hospitalized prior to interview had slightly greater odds to experience NH entry, whereas prior NH use was a strong predictor of subsequent admission (see Figure 2 ).
Indicators of functional and cognitive impairment were among the strongest predictors of NH admission. Older adults who indicated 3 or more ADL dependencies had Identification of eligible studies and data sources Figure 1 Identification of eligible studies and data sources. considerably greater odds to enter NHs. The presence of cognitive impairment, assessed through either proxy/ other subjective measures or 4 or more errors on clinically validated short screening tools such as the Short Portable Mental Status Questionnaire [40] were strongly linked to subsequent NH admission (see Figure 2 ).
Increased age and Caucasian race/ethnicity were predictive of earlier NH entry in the Cox regression results whereas being married and owning a home were associated with delayed admission (see Table 3 and Figure 3 ). Unlike the logistic regression model, female gender was significantly predictive of NH admission as women appeared less likely to enter NHs than men. The Cox regression results also reported on several additional predictors of NH admission; four health conditions emerged as triggering expedited NH admission (presence of diabetes, high blood pressure, cancer, and stroke). Falls also appeared as a significant, albeit rather moderate, predictor of earlier NH admission. Older adults with a spouse present or who were married also entered NHs later.
Publication bias and heterogeneity
Due to the relatively small numbers of studies within each reported predictor of NH admission, we did not formally assess publication bias. The tests of heterogeneity for each predictor, as shown in Tables 3 and 4 , suggest that for several predictors statistical heterogeneity was present. In some cases heterogeneity was present for significant predictors of entry (age, cognitive impairment, lives alone, married, number of children, Caucasian race) and time to NH admission (age, Caucasian race). Random effects models were chosen for the meta-analysis a priori in part to address these concerns. Stratification, subgroup analyses, and meta-regression approaches were considered [19] , but the number of data sources available for each predictor precluded a more detailed assessment of heterogeneity. While some methodologists consider the pooling of empirical associations from heterogeneous results as invalid, others suggest that a pooled estimate of heterogeneous associations can provide an unbiased summary [41] [42] [43] . Moreover, visual inspection of effect sizes by the 1 st and 3 rd authors found minimum variation across data sources for each predictor, implying less clinically-significant heterogeneity than the statistical tests suggest [19, 43] .
Discussion
Our results and subsequent interpretations are bolstered by the adherence to systematic review principles in metaanalysis [19, 44] . This includes the reliance on separate data sources (as opposed to independent studies), systematic identification and retrieval of studies, a cross-referencing approach conducted to the point of saturation, and a reliance on studies and data sources that were representative of the elderly population in the U.S. or a region thereof. However, there were several limitations to this meta-analysis that are important to note. Few studies distinguished between short-term NH stays for rehabilitative purposes and long-term admissions [22] . Due to available resources, only the principal author screened available abstracts and extracted data for the meta-analysis. Guidelines to establish quality in meta-analyses emphasize that inter-rater agreement of multiple reviewers enhances the validity of the data extracted and synthesized in systematic reviews [19, 44] . Multiple studies and their data sources either did not report complete data for the purposes of the meta-analysis or utilized analytical approaches that were unable to be integrated into the pooled findings reported in this study (e.g., multinomial logistic regression). Similarly, as it is an issue in all meta-analyses of observational studies, extracted predictors of NH admission were derived from studies that included models with varying numbers of adjusting covariates; variations in adjustment across predictive models pose challenges to standardization when pooling estimates in meta-analyses. Related to this issue, variation in the outcome rates (i.e., percentages of participants who entered NHs; see Tables 2 and 3 ) may have led to the observed statistical heterogeneity. Concerns have also been raised in the use of odds ratios as measures of association (the most common statistic used to report pooled effects in meta-analyses), particularly in instances where there is existence of heterogeneity [45] .
Several of the results showed significant heterogeneity, suggesting a lack of sensitivity in the pooled empirical associations [19] . The published data available did not offer the opportunity to test the clinical sources of heterogeneity (i.e., subgroup or meta-regression analyses) beyond visual inspection of effect sizes across data sources and predictors. This is a potential weakness of meta-analyses, particularly when attempting to synthesize across observational studies (as opposed to randomized controlled trials), as various methods related to sampling, measurement, and research design could mask associations between predictors and clinical outcomes of interest.
Another important limitation to note is that the metaanalysis was limited to individual predictors of NH admission. Interactions between sociodemographic characteristics, indicators of functional impairment, and similar predictors is likely to occur given the wide range of variables that potentially influence NH entry. The reliance on published data limited this meta-analysis to pool similar variables across studies; future meta-analysis of predictors of NH admission or other healthcare transitions could utilized pooled individual data methods to conduct a meta-analysis of key interaction terms [20, 43] .
In order to maximize the relevance of these findings, we relied on the pooled logistic regression estimates to determine whether an older patient is at risk for NH admission or not at some point in the future (i.e., 1 year or more). Older adults with 3 or more ADL dependencies had approximately 3.25 times the odds to enter a nursing over a 2-6 year interval. Similarly, elderly patients with 4 or more errors on a short screening tool (Short Portable Mental Status Questionnaire) [40] had more than twice the odds to enter a NH 3 years in the future. In some instances, older adults or their caregivers have to deal with the consequences of a cataclysmic event (e.g., an injurious fall) [46] that sets into motion a cascade of crises where instant and unavoidable long-term care decisions are made on an ad-hoc basis. However, awareness of the important thresholds reported here may inform older adults and their caregiving families in the years prior to a potential admission event. Earlier intervention in the long-term care decision-making process may also prompt the mobilization of community-based resources or clinical services to forestall a NH admission [47] .
The findings in this meta-analysis suggest that once certain functional or cognitive thresholds are reached, future risk of NH admission increases substantially (net a host of other factors). As suggested in prior research, intervention in the earlier stages of a chronic disease trajectory that offers respite and support to older adults or their caregiving families may help to potentially delay NH entry [47, 48] . However, experimental research (such as randomized controlled trials) would better inform whether intervention in earlier stages of chronic disease trajectories for older adults may help to delay clinical outcomes such as NH admission.
The results may offer useful prognostic information for clinicians, families, and older patients. For example, the significant predictors from the current meta-analyses could be converted into a practical screening tool of NH admission risk. A series of single dichotomous codes (1 = yes; 0 = no) could be applied for each indicator and then further weighted according to the effect size reported here. Summing these numbers and standardizing the sum would create a "risk score" on a 0-10 metric that offers guidance as to whether a geriatric patient is at risk for NH entry in the future. An almost identical algorithm has been utilized to predict NH admission in a smaller, clinicbased sample of persons with Alzheimer's disease where presence of a particular risk factor was calculated (i.e., the "value;" 1 = present; 0 = absent) and multiplied with the coefficient value of that risk factor as a weight (derived from Cox regression models) [16] . The products of the values and weights were then summed, and this value was successfully applied as a prognostic tool to predict NH care and death among a second, validation sample of individuals with Alzheimer's disease. Relying on published data for this meta-analysis did not allow us to test the predictive accuracy of this proposed prognostic index because individual level data were not available to model. The next step in testing such a tool is to apply it to individual patient data [20, 43] across nationally representative samples (e.g., the publicly available data sources described in Table 1 ) and determine its specificity and sensitivity to NH admission over various follow-up intervals, thus offering empirical evidence for its efficacy as a screening tool for risk of NH entry. It is important to note that similar tools used to predict clinical outcomes such as hospital admission have explained areas under receiver operant curves of .70 or below [49] . This suggests that creating risk prognostic tools are helpful for population-or group-based planning strategies but less advantageous for individual clinical decision-making. Relatively little research has explored these issues or has considered data at these variable levels of analysis when examining the impact of the NH transition on key health outcomes [4, 50] . By building research in this area, future clinical efforts could not only strive to delay placement, but also improve patient and family outcomes if such an event must occur.
Conclusion
Relying on multiple and representative sources of data, we have identified a number of indicators that predict NH admission over multi-year intervals. A lack of informal support or socioeconomic resources appeared to strongly precipitate entry. The most powerful predictors were those functional variables with identified cut-points, such as ADLs or cognitive impairment. The findings suggest a threshold effect in certain functional or cognitive dimensions that may signal the initiation of the admission process. As expected, the results here confirm those reported in prior well-designed, systematic reviews, where ADL dependencies, cognitive impairment, non-Caucasian race/ethnicity, prior NH admission, and social support/ caregiving factors are identified as important precursors of entry [5] [6] [7] . However, the findings reported in this metaanalysis extend these original insights by providing pooled effect estimates that specify the empirical strength of relationships between potential predictors, their cutpoints, and NH admission. Systematic reviews cannot offer such specificity, as they are limited to summarizing or counting the significant relationships among included studies [19] . Not only do the pooled associations provide detailed empirical information as to which variables emerge as the strongest predictors of NH admission (e.g., 3 or more ADL dependencies, cognitive impairment, prior NH use), but these reported associations could also be utilized as weights in the construction and validation of prognostic tools to estimate risk for NH entry over a multi-year period. The results extend the findings of past review efforts in two other key ways: 1) the reliance on representative data sources yielded empirical estimates that are more generalizable than prior efforts that integrate findings from representative and non-representative individual studies; and 2) each data source was treated as an observation in the meta-analysis, which avoids treating results from multiple studies on the same data source as individual observations. In this regard, the current findings build on the impressive efforts of prior reviews to provide empirical estimates of NH admission.
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